Gastric papillomas were diagnosed in flaky skin (fsn/fsn) and steel-Dickie (S l / S l d ) mutant mice but not littermate controls. Both mutants suffer from severe anemia of differing causes. Immunohistochemical screening and Southern blot analyses failed to detect any evidence of a papillomavirus in the gastric lesions. Phenotypic expression of the fsn and Sl d mutant genes may play an essential role in the spontaneous development of forestomach papillomas in these mouse mutants.
The stomachs of rodents are divided into the forestomach (squamous portion) and the glandular portion that are separated by a limiting ridge. 9, 13 The forestomach may undergo hyperplasia or neoplasia due to a variety of causes, including changes in diet, 13, 15 gavage with various compounds, 7, 8 penetration by and migration of nematodes, 3,4,10 fungal infections, 12 and possibly infection with viruses such as papillomaviruses. 1 These types of changes have also occurred spontaneously in some strains of mice, such as the dominant spotting ( W/W V ) 11, 28 and steel-Dickie (Sl/Sl d ), 11 and recently we have observed this lesion in the new mouse mutation called flaky skin (fsn/fsn). The cause of forestomach hyperplasia or neoplasia in mutant mice is unknown; however, many stocks suffer from various forms of anemia. 2, 17, 23 necropsy and bisected longitudinally; half was frozen in liquid nitrogen and stored at -80 C for DNA extraction. The remaining tissue was fixed in Fekete's acid-alcohol-formalin solution for 12 hr, transferred to 70% ethanol, embedded by routine methods in paraffin, and serially sectioned at 5 µm. Sections were stained with hematoxylin and eosin or placed on gelatin-chrome alum-coated slides for immunohistochemical evaluation. 25 Measurements of gastric forestomach epithelium. The thickness of the stratified squamous epithelium that lined the forestomachs of the mice in this study was determined using a computerized image analyzer. c,d Full thickness measurements from the basement membrane to the upper layer to the stratum corneum were made in the affected areas of the mutant mouse forestomach and comparable areas in the littermate controls. A minimum of 25 measurements were taken for each section. Data were analyzed using Student's t-test.
The purpose of this project was to compare the lesions and to determine if papillomaviruses were involved in the etiology of gastric papillomas in flaky skin or steel-Dickie mutant mice.
Materials and methods
Immunohistochemistry. Immunohistochemical evaluation was performed on paraffin sections using a rabbit polyclonal antiserum directed against papillomavirus group-specific antigens' prepared by detergent disruption of purified bovine papillomavirus type-1 (BPV-1). This antiserum is broadly cross-reactive with mammalian and avian papillomavirus antigens. 26 the avidin-biotin complex (ABC) tech-Inbred and mutant laboratory mice. Fourteen male flaky skin (BALB/cBy.A N1F2-fsn/fsn) and 11 littermate controls (?/+), and 11 steel-Dickie (WCB6F1-Sl/Sl d ) and 6 littermate controls (sl/+) were utilized in this study. Mice were 2-3 mo of age and were obtained from research or animal resources colonies maintained at The Jackson Laboratory, Bar Harbor, Maine. Mice were fed 2 commercial rodent diets a,b and provided chlorinated water (10-20 ppm residue chlorine) ad libitum. Packed cell volumes (PCV) were determined on blood obtained via the ventral coccygeal artery following transitory warming of each mouse to dilate tail vessels. Mice were euthanized by CO 2 asphyxiation. The stomach and esophagus from each animal was removed at the time of From The Jackson Laboratory, 600 Main St., Bar Harbor, ME 04609.
Received for publication October 7, 1991. nique f was used to localize the primary antibody bound to viral antigens with normal rabbit serum replaced by 10% ovalbumin as the nonspecific blocking agent. 26 Diaminobenzidine g was used as the chromogen and light green h was used to counterstain the tissue. Serial sections of clinical biopsies of canine oral papillomas served as positive control tissues. Sections of stomachs from littermate controls served as negative tissue controls for each mutation.
Screening for papillomavirus genomes. Total DNA was extracted in 1.5-ml microfuge tubes. Stomachs were digested with proteinase K f (50 µg/ml) for 4 hr at 55 C (vortexing every 30 min) in 500 µl of buffer (50 mM Tris-HC1 [pH 8], 100 mM ethylenediaminetetraacetic acid [EDTA], 100 mM NaCl, and 0.1% sodium dodecyl sulfate [SDS]). Extraction was done using 750 µl of phenol followed by addition of 200 µl of the same buffer. The aqueous phase was then extracted with 600 µl of chloroform : isoamyl alcohol (24:1 v/v) solution and precipitated with absolute ethanol at -20 C for 12 hr. Samples were then centrifugated (15,600 x g) for 20 min folded (or contracted due to fixation shrinkage) stratat 4 C, the supernatant was discarded, and the pellet was ified squamous epithelium of uniform thickness. The dried under vacuum. The samples were resuspended in 150 µl of 10 mM Tris-HC1 (pH 7.5) containing 1 mM EDTA.
stratum spinosum was 2-3 cells thick. A clearly visible
Concentrations and purity of the extracted DNA were de-stratum granulosum, 1-2 cells thick, was attached to termined by optical density measurements at 260 and 280 a moderately thickened stratum corneum, 10-15 cells nm. 18 Following electrophoresis of uncut DNA and DNA thick. The mean forestomach epithelial thickness was digested with EcoRI in 0.8% agarose gels, DNA fragments 40 ± 5.6 and 37 ± 1.7 µm for the Sl/+ and?/+ control were transferred to membranes i by the method of Southern, 20 mice, respectively ( Fig. 2 ).
as modified by Reed and Mann. 16 Hybridizations were carried out for 24 hr at 42 C. Membranes were washed in 0.3 M NaCl, 0.03 M sodium citrate, and 0.1% SDS at 48 C. A mixture of cloned Mastomys natalensis papillomavirus (MnPV) and Micromys minutus papillomavirus (MmPV) DNA was used to probe the blots as previously described. 24 The DNA probes were labeled by random primer extension j using the method of Feinberg and Vogelstein 5 with [α-3 2 P] dCTP i (>3,000 Ci/mmol). Cloned BPV-1, canine oral papillomavirus (COPV), human papillomavirus type la (HPVla), and total genomic DNA from clinical case of bovine cutaneous fibropapilloma, determined (by restriction analysis) to contain bovine papillomavirus type 2 (BPV-2), were used as positive controls. Signals were detected by autoradiography using X-ray film k with intensifying screens.'
Results
Changes in the gastric mucosa were observed in the homozygous (fsn/fsn and Sl/Sl d ) mutations but not in littermate controls. The normal mouse stomachs were thin walled, opaque, and separated into glandular and forestomach (squamous or nonglandular) regions. 9 Microscopically, the normal stomach had a solitary pap- illary fold (the limiting ridge) at the junction between greater for mutant mice than for littermate controls. Data are rethe 2 portions (Fig. 1) . The forestomach consisted of ported as mean ± SEM. Numbers in parentheses represent numbers of mice. Forestomachs of mutant mice were thick (187 ± 42 in all layers; however, the stratum spinosum and straand 200 ± 29 µm for Sl/Sl d and fsn/fsn, respectively; Fig. 2) , white, and verrucous ( Fig. 3) . Microscopically, turn corneum were most affected. The lamina propria of the forestomach was mildly edematous with a mild the nonglandular portion of the Sl/Sl d mouse foreneutrophilic infiltration. The submucosa of the entire stomach consisted of stratified squamous epithelium stomach was markedly edematous with a mixed inthat was significantly thicker (P = 0.009) than that of littermate controls and appeared as short folds that flammatory cell infiltrate. An ulcer, 0.4 mm in diextended into the lamina propria in an endophytic ameter, was present in the glandular portion in 1 of the 12 cases examined. pattern (Fig. 4) . The thickening was due to an increase The fsn/fsn mouse forestomach exhibited marked exophytic papillary folding with massive production of laminated cornified cells on the lumenal surface (Fig.  5 ). The mean forestomach epithelial thickness was significantly (P = 0.001) greater than that of littermate controls (Fig. 2) . Bacterial colonies were present between the proliferating cornified cells. Adjacent stratified squamous epithelium was normal to moderately thickened. The lamina propria and submucosa were edematous in papillomatous areas of the forestomach but not in the glandular stomach of the fsn/fsn mouse. A mild to moderate mixed inflammatory cell infiltrate was found in the lamina propria throughout the stomach. In contrast to the abrupt change in epithelial type at the limiting ridge in normal mouse stomachs, multiple gastric pits of fsn/fsn stomachs contained areas in which cells underwent squamous metaplasia. The fsn/fsn glandular stomach, unlike any controls or Sl/ Sl d mice, consisted of tortuous gastric pits with a predominance of short columnar cells with basilar nuclei and finely vacuolated clear cytoplasm. Differentiation into distinct chief, parietal, or mucous neck cells was not evident. A diffuse increase in connective tissue and a mild mixed inflammatory cell infiltration in the lamina propria resulted in separation of gastric pits and formation of nest-like glandular structures.
The homozygous mutant stocks examined in this study were anemic; 2,17,23 a useful phenotypic marker that correlated with appearance of gastric papillomas. The PCVs were 28.8 ± 1.9 for Sl/Sl d mice and 22.6 ± 3.8 for fsn/fsn mice were anemic. Normal littermate PCVs were 43 ± 1.6 (Sl/+) and 47 ± 1.8 (?/+). The PCV values for the littermate controls were within the 39.5-50.6% range found among normal mice of differing inbred strains. 17 Immunohistochemical examination to detect papillomavirus antigens did not reveal any evidence of a productive viral infection in forestomachs of all mutant and litter-mate control mice. Canine oral papilloma control sections, which had productive infections, were consistently positive by this technique. Furthermore, low stringency Southern blots, using a mixed rodent papillomavirus DNA probe, yielded no signals for viral genomes in total cellular DNA or cellular DNA digested with EcoRI but did detect the BPV-1, BPV-2, COPV, and HPV-la viral genomes that were used as heterologous positive control genomic DNAs.
Discussion
Papilloma formation in stratified squamous epithelium is considered a benign neoplasm and is often, but not exclusively, associated with a papillomavirus. 22 These tumors persist for long periods but eventually undergo spontaneous regression, associated with elimination of the virus. Papillomous hyperplasia has clinical and morphologic features similar to those of virusinduced papillomas. The hyperplastic change can be drug induced, and lesions can regress when the drug is removed. 19 These 2 papillomatous features are difficult if not impossible to differentiate into separate diseases based on morphologic criteria, and the terms are often used interchangeably.
Spontaneous forestomach papillomas are considered rare in normal inbred strains of laboratory mice. 21 However, in a study evaluating gastric ulcers in a colony of mice, 40% of 2-6-month-old W/W V mice had gastric papillomas, whereas mice obtained from The Jackson Laboratory had gastric papillomas at various frequencies (74% [WCB6F1-Sl/Sl d ], 11% [WBBGF1-W/W v ], and 0% [littermate controls]). 11 Background genetic differences between mutants from 2 colony sources or variations in diet and husbandry could be responsible for the different frequencies of forestomach lesions.
A common feature of the 2 mutant mouse strains with forestomach papillomas was a decreased PCV. The Sl/Sl d mouse and the W/W V mouse have severe macrocytic anemia, 17 that in both cases arises from mutant gene-induced disorders involving the c-Kit ligand and receptor system. 27 The fsn/fsn mouse has a severe hypochromic anemia, and blood smears contain a mixture of smudge cells and immature white blood cells that, together with anemia, are characteristics of this mutation. 2 A possible correlation may exist between the low PCV and the forestomach papillomas. Anemia in mutant mice may reflect a complex abnormality of divalent cation absorption, utilization, and excretion. Low dietary zinc levels are associated with N-nitrosodimethylamine induction of forestomach papillomas in rats. 15 This compound has no effect on forestomachs of rats fed normal levels of zinc. Zinc metabolism is involved in a number of proliferative skin diseases in humans.
14 Preliminary studies in our laboratory have determined that serum zinc levels are low in fsn/fsn mice but not in littermate controls. Loss of zinc and other minerals, including selenium and iron, from psoriatic skin of human patients has been a neglected field of study. 14 The fsn mutation appears to be an homologous model for psoriasis; 23 therefore, the role of iron metabolism, studied in parallel with zinc and selenium, may be an important mechanism for investigation.
No evidence of a papillomavirus was found in any of the mutant mouse stomach lesions tested. This finding underscores the importance of screening for this pathogen before assuming papillomavirus infection based solely on gross and histologic evaluation of the lesion.
An array of genes participate in development of forestomach papillomas in the mouse. Discerning what these genes are, their actions, and the interactive roles of such genes and environmental agents promises new insights into the etiology of gastric forestomach papillomas in mice.
